Abstract
Background
The shoulder is the most commonly dislocated joint and most frequently dislocates anteriorly. The Latarjet is a commonly performed procedure in the treatment of recurrent anterior shoulder instability. This procedure was first characterized in 1954 and modified multiple times since its conception [1] . This procedure classically involves a deltopectoral approach in order to transfer the coracoid process, along with attached soft tissue to the anterior-inferior border of the glenoid. This stabilizes the shoulder through a triple mechanism which uses the conjoint tendon as a sling and the coracoid process as a bony block, while repairing the capsule via fixation to the coracoacromial ligament [2] . That being said, there still exists a number of controversies surrounding the optimal orientation, size and positioning of the graft when preforming the Latarjet procedure [3] [4] [5] . For instance, one study found that the Latarjet procedure which involves transfer of the entire horizontal pillar of the coracoid better restored stiffness to the glenohumeral joint in comparison to the Bristow procedure where only the tip of the coracoid is transferred [5] . The Latarjet is a well-established treatment option with good evidence for favourable long term outcomes [6] . Re-dislocation rates following a successful Latarjet procedure are estimated to be 4 to 5% [7] .
Advances in technology have recently made an arthroscopic approach to the Latarjet procedure a possibility [8] . Lafosse et al. has proposed that the arthroscopic approach offers advantages such as more accurate bone graft placement, quicker functional recovery, decreased stiffness, and cosmetic benefits [9] . Despite minimal cases of recurrent dislocation in both surgical approaches, theorized disadvantages of the arthroscopic Latarjet include increased cost, longer surgery time, and increased complication rates stemming from challenging graft fixation [10, 11] . This may partially be explained by the arthroscopic Latarjet's complexity and learning curve. Several studies have described a more prolonged learning curve in the arthroscopic Latarjet procedure [10] . However, there currently exist no consensus on whether the arthroscopic or open Latarjet procedure offers overall superior outcomes and/or complication rates.
The purpose of this study is to compare the standardized clinical outcome scores, rates of complication, accuracy of graft and screw positioning and rates of recurrent dislocation between the open and arthroscopic Latarjet procedures by systematically reviewing the literature for comparative studies.
Methods

Search strategy
Three online databases (EMBASE, MEDLINE, and PubMed) were searched by two reviewers (P.M., R.B.) for literature comparing any clinical outcomes or positioning of the graft or screws after arthroscopic and open Latarjet procedures in male and female patients of all ages for the treatment of shoulder instability (Fig. 1) . The database search was conducted on March 1, 2018. The inclusion criteria for this search was: (1) Studies comparing outcomes and/or failure rates between open and arthroscopic Latarjet procedures for anterior shoulder instability; (2) Studies comparing the accuracy of the coracoid bone graft or screw positioning; (3) male and female patients of all ages; (4) studies published in English; (5) studies on humans. The exclusion criteria were: (1) any non-surgical treatment studies (e.g. technique articles without outcomes, cadaver studies, review articles, etc.); (2) non-comparative studies.
The following search terms were used: "Latarjet", "Bristow", "Latarjet-Bristow", "Latarjet-patte", "Coracoid" and "Bone block", and "Coracoid" and "Transfer". Both key term and subject heading search methods were used where applicable. A detailed search strategy is presented in Appendix 1: Table 4 .
Study screening
Two reviewers (P.M., R.B.) independently screened the titles of the retrieved papers. Any included studies were then screened by abstract. Disagreements at either of these screening stages were resolved by including the papers for full text review. Any disagreements at the full text screening stage were discussed by the reviewers and resolved by a third reviewer (N.H.). A list of references for the papers deemed ineligible at the full text review stage can be found in Appendix 2.
Quality assessment of included studies
A quality assessment of the included studies was completed using the Methodological Index for Non-Randomized Studies (MINORS) Criteria [12] . MINORS is a validated scoring tool for non-randomized studies (e.g. case reports, case series, cohort studies etc.). Each of the 12 items in the MINORS criteria is given a score of 0, 1 or 2 -giving a maximum score of 24 for comparative studies. To the author's knowledge, there is no evidence to categorize the MINORS score. Thus, the MINORS score was categorized apriori as follows: 0-6 to indicate very low quality evidence; 7-10 to indicate low quality of evidence; 10-14 to indicate fair quality of evidence; and > 16 to indicate a good quality of evidence for non-randomized studies.
Data abstraction
Two reviewers (NH, RB) independently abstracted relevant study data from the final pool of included articles and recorded this data in a Microsoft Excel (2013) spreadsheet designed a priori. Demographic information included author, year of publication, sample size, study design, level of evidence, patient demographics (i.e. sex, age, affected shoulder, follow-up time, % lost to follow-up, etc.) and details of surgery. In addition to demographic information any clinical or information regarding graft or screw positioning was documented. The number of patients requiring further surgery was also abstracted. Finally, any minor or major complications associated with procedures were recorded.
Statistical analysis
Interobserver agreement was assessed at each stage of study screening by calculating a weighted k (kappa). The agreement between the two reviewers assessing the MI-NORS score in duplicate across all studies was calculated using an intraclass correlation coefficient (ICC), which evaluates the consistency of multiple observers measuring the same groups of data. Agreement was categorized a priori as follows: k > 0.61 to indicate substantial agreement, 0.21 < k < 0.60 to indicate moderate agreement, and k < 0.20 to indicate slight agreement. Statistics describing the data collected from the included papers was presented as means, ranges, and measures of variance where appropriate. A meta-analysis was not performed in this study due to the high heterogeneity amongst reported outcomes and the specifics of how the procedure was done.
Results
Study identification and characteristics
Our initial literature search yielded 1597 studies, of which 8 met the inclusion and exclusion criteria for this review (Fig. 1 ). There was excellent agreement among reviewers at the title (k = 0.76; 95% CI, 0.71 to 0.80), abstract (k = 0.94; 95% CI, 0.90 to 0.98.) and full-text screening (k = 1.0; 95% CI, 1.0 to 1.0) stages. All included studies were published between 2016 and 2018. This included a total of 942 patients, including 580 patients treated arthroscopically and 362 patients treated with an open Latarjet procedure. The mean sample size of the included studies was 117.8 (range 46-390) patients. 81.0% of the patients treated across the studies were male, with a mean age of 27.7 (range 13.6-66) years and mean follow-up 20.6 months. 36.5% of the patients were reported as being lost to follow-up.
Only two studies commented on whether the Latarjet procedures were done as a primary surgery or as a revision surgery after previous shoulder stabilization surgery. Amongst these two studies 98.0% (n = 100) of the patients treated arthroscopically and 98.9% (n = 94) of the patients treated with an open procedure had not had previous shoulder stabilization surgery. Study demographics are presented in Table 1 . 
Study quality
There was a total of three (37.5%) level III and five (62.5%) level II studies that met the inclusion criteria ( Table 1 ). The included studies had a mean MINORS score of 17.9 ± 1.0 which indicates a good quality of evidence amongst non-randomized studies (Table 1) . There was high agreement (ICC = 0.96 (95% CI, 0.94 to 0.98)) amongst quality assessment scores of included studies using the prespecified criteria.
Outcomes
A summary of the clinical outcomes scores presented in the include studies is presented in Table 2 . A variety of scores were used including the visual analog scale (VAS), Western Ontario Shoulder Instability Index (WOSI), Rowe, Walch-Duplay, American Shoulder and Elbow Surgeons Shoulder Score (ASES) and Constant-Murley scores. Both studies that looked at early (< 1 month) post-operative pain found significantly less pain in the arthroscopic group [13, 14] . However one study found no difference in VAS pain scores once patients had reached 30 days post-operatively [14] . One study (n = 286 arthroscopic, 104 open, p < 0.05) found significantly better post-operative Walch-Duplay scores in the arthroscopic group [15] [14] , and one study (n = 44 arthroscopic, 46 open, p = 0.181) found no significant difference [17] . No studies found significant differences in ASES or Constant-Murley scores.
Five of the included studies reported on radiographic outcomes. Three of the five studies (n = 126 arthroscopic, 106 open, p > 0.05) found no significant difference in the coracoid graft positioning between the two techniques [13, 18, 19] , one study (n = 25 arthroscopic, 21 open, p = 0.025) found the arthroscopic technique to be significantly more likely to have ideal graft positioning [18] , and conversely one study (n = 44 arthroscopic, 46 open, p < 0.001) found the open procedure to be significantly more likely to have ideal graft positioning [17] . Three of the studies reported on screw divergence angles, two studies (n = 69 arthroscopic, 67 open, p = 0.10-0.12) found no significant difference between the two techniques [17, 18] , and one study (n = 28 arthroscopic, 36 open, p = 0.017) found the open technique to have significantly less rates of excessively (> 10°) divergent screws [10] .
The rates of re-operation, complications, and recurrent instability are shown in Table 3 . One study which also looked at the learning curve associated with the arthroscopic Latarjet procedure also noted that operative time, rates of complications and need for conversion from arthroscopic to an open procedure due to technically difficulties decreased as surgeons gained experience with the procedure [10] .
Discussion
The results of the current study suggest that there is no clear superiority of the open versus arthroscopic approach for Latarjet procedures based on differences in complication rate or recurrence of instability. Several of the papers found superiority for individual standardized outcome scores for either the open or arthroscopic procedure, but these findings were not consistent across papers. Patients being treated with arthroscopic Latarjet procedures have lower reported pain scores in the first couple weeks post-operatively however these scores become equivalent to the open procedures by one month. The average time for the procedure was longer for the arthroscopic procedure compared to the open procedure however no statistical analysis to determine if this was significant was possible due to error of measurements not being reported within the studies. However, the studies did note a significant drop in operative time with the arthroscopic procedure as surgeon experience increased [10] . It should be noted that the studies did not comment on the amount of surgeon experience with each procedure prior to the initiation of the studies, which may have affected results if surgeons were more experienced with one procedure over the other.
Interestingly, the arthroscopic latarjet technique did not show improved positioning of the bone block or of the screws despite the theoretically improved visualization when placing the graft. This is of key importance given the known importance of positioning of the coracoid graft and resulting biomechanical stability of the shoulder [20] . Furthermore, screws that are divergent more than 10 degrees are known to put the suprascapular nerve at risk for injury [21] .
We also found that both the arthroscopic and open Latarjet procedures both had relatively low and similar rates of major post-operative complications, recurrent instability and need for revision surgery. Unfortunately, we are unable to comment on whether there was a statistically significant difference in these rates due to the low overall event rate and the low number of studies available on this topic making any meta-analysis underpowered and with large range of variance. It should be noted that not all included Latarjet procedures were primary procedures which may have affected the rate of recurrent instability as rates of failure of the Latarjet procedure may be higher when done as a part of a revision surgery. Only 1% of the total arthroscopic procedures were converted to open procedures due to technical difficulties. This may, however, be underestimated as it is unclear if all of the studies were reporting this measure. One study did comment on the fact that all of their intra-op conversions to open procedures occurred in their first third of cases with no conversion to open procedures in the remainder of their cases [10] . This suggests that the rates of conversion to open procedures may be very low once surgeons have performed a sufficient number of arthroscopic Latarjet procedures. In fact, several papers in the literature have found performing the Latarjet procedure arthroscopically to have a prolonged learning curve [10, 22] .
There exists one previous systematic review on this topic which included 6 of the 8 studies included in this systematic review [23] . The conclusions of Hurley et al. are consistent with the findings of our systematic review which is that both the open and arthroscopic procedures offer significant improvement in clinical outcomes with similar complication rates [23] . However, this systematic review by Hurley et al. does not include all the available literature on the topic [23] . Furthermore, this study quantitatively synthesizes data from multiple studies through a meta-analysis even though multiple studies had retrospective design which generally increases heterogeneity and reduces precision of estimates in a meta-analysis.
This study has numerous strengths including the rigorous methodology which was used in this systematic review. Specifically, a broad search strategy spanning multiple databases was used to ensure that as much of the relevant literature was included as possible. The screening of studies was done in duplicate in order to limit reviewer bias.
The main limitation in this study was the quality of evidence available on the topic. Specifically, there currently exists no randomized studies comparing the arthroscopic and open Latarjet procedures. Furthermore, although only comparative studies were included, no meta-analysis was possible due to the significant heterogeneity in outcomes reported across the studies. Although the outcome measures used were generally appropriate and validated for this patient population, one study used the constant-Murley score as an outcome which previous authors have found to be a poor outcome measure for shoulder instability [24] . Additionally, the average follow-up of the included studies was less than 2 years and therefore differences in long-term outcomes after arthroscopic and open Latarjet procedures cannot be commented on. This is key as certain outcomes such as the development of osteoarthritis after the Latarjet procedure may only be measurable with longer follow-ups [25] . There was also procedural differences in the study such as screw versus endobutton fixation and open versus a mini-open approach. That being said, the literature on this subject is likely to improve as the arthroscopic Latarjet procedures have only recently been described, and in fact all the included studies in this systematic review were published as recently as 2016. Future large randomized studies comparing the arthroscopic and open procedures will provide further clarity on the possible superiority of one technique over the other as well as the specific indications for each procedure.
Conclusions
Both open and arthroscopic Latarjet procedures can be used to effectively treat shoulder instability with similarly low rates of complications, recurrent instability and need for revision surgery. Arthroscopic Latarjet procedures are associated with less early post-operative pain but require increased operative time. The evidence does not support there being any significant difference in graft or screw positioning between the two techniques. At this time neither procedure shows clear superiority over the other.
